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or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that 
its use would not infringe privately owned rights.  Reference 
herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or 
otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United 
States Government or any agency thereof.  The views and 
opinions of authors expressed herein do not necessarily state 
or reflect those of the United States Government or any 
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RSQ�RSW O;Q�QVO;W@^~O�b3eJfuX�Ru�JfSRs^`RuXhgp^~\�e@W1X�RSWP} � �/\aX�M X�M@O�ZP\�e i fuO;Q ' _aW@Z[X U Ru�JfuO;Q U _�XVO ; _ U O8ZPO`XVO U bcRSWPO;Z
v U \�b=Q�M@RSv{X U O`}�RSQ�XVO U QVX�_�X�RSQVX�Rs^`Q �
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disc

disc
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Det #1

Det #2

Det # i

1282 3 4 1271

+ −
Σ

counter

predelay

. .
 .

0

1

2

n

. .
 .

0

1

2

n

long delay 4096 µsec

R+A gate

A gate

. . .

32µsec

0.25µsec

3−4 µsec

d�Ru}�e U O � ����M@Ruv X U O`}�RSQVXVO U v e@WJ^~X�Ru\�W@_af�Z@RS_�} U _ab �
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) ��^~\�b i RSWPO;ZE� X U Ru}a}aO U O;Z � r W X�MPO Q�Ru}�W@_af � X U Ru}a}aO U O;Z b�O`X�M@\zZ�kX�MPO ^~\�WYXVO;W1Xx\av9X�MPO Q�MJRuv{X U O`}�RSQ�XVO U RSQ
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O �aO U g �JeJfSQVO&�NRSX�M@RSWpX�MPO]}�_�XVO��NRsW@ZP\�� < � L/g1�4RS^`_afSfug(X�MPOxX�_afSfSgpRsQ+X U Ru}a}aO U O;Z[_�v XVO U _(Q�MP\ U X	ZPO;fS_;g
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X�MPO]Q�MJRuv{X U O`}�RSQ�XVO U i O`v \ U O�X�MPOIX�_afSfSg(RSQ b _aZPO � L+MPO;QVO��Je@fsQVO;Q9XVO;W@ZpXV\ i O i RS_aQVO;Z i g(ZPO`XVO;^~XV\ U ZPO;_aZ
X�RSb�O � LNMPOI�Je U ��\�QVO�\av�X�MPO]� U O��hZPO;fS_;gpRSQlXV\ U O;b�\ �aO3X�M@RSQ i Rs_aQ � K }�_�XVO3X U Ru}a}aO U O;Z[RSWpX�M@RSQ+bc_aW@WPO U
RSQ�^`_afSfuO;Z%X�MPO 4 	 & \ U�U O;_afSQ��JfSe@Q	_a^`^`RSZPO;W1X�_afSQ�}�_�XVO � dP\ U �JeJfSQVO;Q+\�^`^`e U�U RSWP}(_�XI_aW _ �aO U _�}aO U _�XVO

% �X�M@O�Q�MJRuv{X U O`}�RSQVXVO U �NRSfsfk^~\�W1X�_aRSW % < �4e@fSQVO;Q	\�W%_ �aO U _�}aO � r v % < RSQ�Q�b _afSf�_aW@Z%X�MPO3�4e@fSQVO;Q�_ U O

U _aW@Z@\�b kX�MPO(W1e@b i O U \av �Je@fSQ�O;Q � RSW X�MPO(Q�M@Ruv X U O`}�RSQVXVO U �NRSfSf�v \�fSfu\�� T \�RSQ�QV\�W QVX�_�X�RSQVX�RS^`Q � � MPO;W
�Je@fsQVO;Q/_ U RSQVO�v U \�b�tJQ�Q�Ru\�WcW@O;ePX U \�W@Q MP\��/O �aO U PX�M@O`gcXVO;W@Z XV\ i O�^`fSeJQVXVO U O;ZpRSW(X�RSb�O i O;^`_aeJQVO	\av X�MPO
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^`_aW ^ U \�Q�Q i O`XN�9O`O;W i fu\�^ ��Q � dP\ U X�M@O & U O`}�RsQVXVO U X�MPO i O`}�RSWJW@RSWP}�\av5O;_a^7M i fu\�^ � RSQ	X U O;_�XVO;Z _aQ�X�MPO
X U Ru}a}aO U � LNM@RSQ�_��@� U \�_a^�M(RSQ5O;yze@R���_afuO;WYX�XV\x��O U Ru\�Z@RS^/X U Ru}a}aO U RsWP} � d U \�bCX�MPO54 	 & _aW@Z &D}�_�XVO;Q9X�MPO
$� �f�9_aW@Z 6 � �f�lZ@RSQVX U R i ePX�Ru\�W@Q/_ U O]}aO;WPO U _�XVO;Z � L+M@O]Z@RSQVX U R i ePX�Ru\�W(\av U O;_afSQ 8 � �f�9RSQl}aO;WPO U _�XVO;Z v U \�b
X�MPO;QVO U O;^`e U Q�R��aO;fug3_aW@Z�X�MPO v _a^~XV\ U Rs_afPb�\�b�O;W1X�Q5\av 8 � �f�k^~\�b��JePXVO;Z�Z@R U O;^~X�fug]v U \�b X�MPOlZ@RSQVX U R i ePX�Ru\�W �
��� r �%O;Q�QVO;W1X�RS_afSfug b RSb Rs^`Q�_ X U _aZJRuX�Ru\�W@_af�Q�M@RSv{X U O`}�RSQ�XVO U _af i O;RuX�^`_��4_ i fuO�\av � WJQ�X�RSb�O i RSW@Q � r v9RuX
�9O U OxMP\z\��aO;Z eP� XV\(_6�/O;fsf�^~\�e@WYXVO U @\�WPO&�9\�e@fSZ M@_ �aO3_aW \ U Z@RSW@_ U g b3eJfuX�Ru�JfSRs^`RuXhg QVg�QVXVO;b �

K�W _a^~X�R��aOpb�\�ZPOcM@_aQ3_afSQV\ i O`O;W RSb��JfuO;b O;WYXVO;Z � r W X�M@RSQ]b \zZPOc\�W@fug ^�M@_aWJWPO;f � _a^~X�Q3_aQ3X�MPO
X U Ru}a}aO UIU _�X�MPO U X�M@_aW _afSf�^�MJ_aW@WPO;fSQ � r W X�M@RSQ�b�\�ZPO�X�MPO6��������� Ru\�W��h^7M@_ab i O U RSQ�^~\�W@WPO;^~XVO;Z�XV\ X�M@RSQ
^�MJ_aW@WPO;f � L+M@RSQ�Z@R 	�O U Q v U \�b ^`e U�U O;W1X5RSb��JfSO;b�O;WYX�_�X�RS\�W@Q�\av4_a^~X�R��aONb�e@fuX�RS�JfSRS^`RuX gIRSW:�NM@RS^7M3X�M@O+_a^~X�R��aO
QV\�e U ^~OxRSQlWP\aX+\ i QVO U �aO;Z _aW@Z X�MPO U O`v \ U Ox^`_aW@WP\aX	_a^~XN_aQN_�X U Ru}a}aO U �

L+M@O3v _aQVX��JfS_aQVX�Rs^3Q�^`RsWYX�RSfsfS_�X�RSWP}cZ@O`XVO;^~XV\ U Q]e@QVO;Z RSW ��� r �%b _ �aO�X�MPO;QVO�b�e@fuX�Ru�JfsRS^`RuX�RuO;QlO;W1X�R U O;fSg
Z@R�	�O U O;W1X8v U \�b X U _aZ@RuX�Ru\�W@_af b�e@fuX�Ru�4fSRS^`RuX g�^~\�e@WYX�RsWP} � < W@fSR �aO X�M@O � ��� Z@O`XVO;^~XV\ U Q e@QVO;Z RsW X U _aZ@R �
X�Ru\�W@_af�b3e@fSX�Ru�JfSRS^`RSXhg��X�MPO��JfS_aQ�X�RS^�Q�^`RSW1X�RSfSfS_�XV\ U Q�_afsQV\[ZPO`XVO;^~X]}�_abcb _ U _ gzQ � �z\ X�MPOcb�e@fuX�RS�JfSRS^`RuX g RSQ
_ ^~\�b i RSWPO;Z WPO;ePX U \�W _aW@Z }�_ab b _%b3eJfuX�Ru�JfSRs^`RuXhg � r W�_aZ@Z@RSX�Ru\�W�6X�MPOcv _aQVX�ZPO`XVO;^~XV\ U Q�_ U O i fsRSW@Z XV\
WPO;ePX U \�W@Q i O;fu\�� X�MPO3X�M U O;Q�MP\�fsZ O;WPO U }ag v \ U WPO;e@X U \�W@Q �e@Q�e@_afSfSg(QVO`X�_�X � � O � � �	O;ePX U \�WJQ	_ U O�WP\aX
U O;b�\��aO;Z�v U \�b X�MPO9Q�gzQVXVO;b"\�W8ZPO`XVO;^~X�RS\�W � L+M@RSQ�^`_aW�^`_ae@QVOl_�Q�RSWP}�fSO U _aZ@Rs_�X�Ru\�W�XV\ i O ^~\�e@W1XVO;Z�b�\ U O
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X�M@_aW \�W@^~Oc\ U XV\ i O U O�H@O;^~XVO;Z i _a^ � RSW1XV\ X�MPO�Q�_ab��4fuO � K�b�\ U O�^~\�b��4fuO`XVOc^~\�b��J_ U RSQV\�W i O`XN�9O`O;W
X�MPOxZ@O`XVO;^~XV\ U QNRSQNZPO;Q�^ U R i O;Z � U O ��Ru\�e@Q�fugcRSW[�zO;^~X�RS\�W � � � �

� MYgDWP\aXpQ�RSb��JfSg eJQVO _ ^~\�b i RSWPO;Z }�_ab b _,�hW@O;ePX U \�W b�e@fuX�Ru�JfsRS^`RuXhg _aQpX�MPO _aQ�Q�_ gDb�O;_aQ�e U O��
b�O;W1X_@ d�R U QVX kX�MPO U O(RSQ3WP\aX�M@RSWP}%_aW@_afu\a}a\�e@Q3XV\[X�MPO(��\�RSWYXIO;yze@_�X�Ru\�WJQG� �/y1e@_�X�RS\�W F �xe@QVO;Z�RSW X�MPO
X U _aZ@RSX�Ru\�W@_afkb�e@fuX�RS�JfSRS^`RuX g _��J� U \�_a^�M XV\ U O;fS_�XVO�X�MPO8^~\�b i RSWPO;Z b3e@fSX�Ru�JfSRS^`RSXhgcXV\pO 	�O;^~X�R��aO�b _aQ�Q  ��� 
WA� U _�XVO�zb3eJfuX�Ru�JfSRs^`_�X�Ru\�W3_aWJZ ZPO`XVO;^~XV\ U O �(^`RuO;W@^~g � �zO;^~\�W@Z Y_afuX�MP\�eP}�M X�MPOlv _aQ�X5�JfS_aQVX�RS^lQ�^`RSWYX�RsfSfS_�XV\ U Q
ZPO`XVO;^~X]^~\a�JRS\�e@Q�}�_ab b _ U _ gzQ �X�MPO`g _ U O8W@\aXIO;QV��O;^`RS_afSfug?�9O;fSf�Q�e@RuXVO;Z v \ U X�M@_�X��Je U ��\�QVO � �/O;^`_aeJQVO
\av�X�MPO�fu\�� 7�\av5X�MPO8ZPO`XVO;^~XV\ U Q �X�MPO�� U \ i _ i RSfSRuX g(\av�RsWYXVO U _a^~X�RS\�W%RSQ�fu\�� _aW@Z%v e U X�MPO U b \ U O]X�MPO8RSW��
XVO U _a^~X�Ru\�WJQ+X�M@_�X�ZP\�\z^`^`e U _ U O]� U RSb _ U Rsfug � \�b��JXV\�W Q�^`_�XVXVO U RSW@}cRSW1XVO U _a^~X�Ru\�W@Q � �z\ v \ U _ � \�b �@XV\�W
Q�^`_�XVXVO U RsWP}cO �aO;W1X 4X�M@O U O3RSQN_cQ�e i QVX�_aWYX�Rs_af�� U \ i _ i RSfSRuX gcX�M@_�X	X�MPOxO;WPO U }agpZ@O`��\�Q�RuXVO;Z?�NRSfsf i O i O;fS\��
X�MPO X�M U O;Q�M@\�fSZ v \ U }�_abcb _ U _;g�Q � L+MJR U Z� X�MPOc}�_ab bc_ b�e@fuX�RS�JfSRS^`RuX�RSO;Q�_ U O WP\aX8�/O;fsf ��WP\��	W � d�R �
W@_afSfSg� }�_ab bc_	b�e@fuX�Ru�4fSRS^`RuX�RuO;Q�MJ_ �aO W1e@b O U \�e@Q�RSfSf � i O;M@_ �aO;Z]^�M@_ U _a^~XVO U RSQVX�RS^`Q$�NMJRS^�M3b _ �aOl^~\�W@Q�RSQVXVO;W1X
b�O;_aQ�e U O;b�O;W1X�Q/Z@R �c^`e@fuX �5� _ab b _3b3e@fSX�Ru�JfSRS^`RSX�RuO;Q�_ U O	b�\ U O+O;WPO U }ag ZPO`��O;W@Z@O;WYX5X�M@_aW WPO;ePX U \�W@Q �(' f�-
L+MPO U O`v{\ U O9Q�b _afSf1^�M@_aW@}aO;Q�RsW]X�MPO9Z@RSQ�^ U Rsb RSW@_�XV\ U X�M U O;Q�MP\�fSZ5�NRSfSfa^7M@_aWP}aO X�MPO/_��J�J_ U O;W1X b�e@fuX�Ru�JfsRS^`RuXhg �
K XVXVO;Wze@_�X�Ru\�W \av�X�MPO�}�_ab b _ U _ gzQ  �	M@RS^�M RSQ�_afSQV\(O;WPO U }ag%Z@O`��O;WJZPO;WYX A�NRSfSf ^�M@_aW@}aO�X�M@O3\ i Q�O U �aO;Z
b�e@fuX�Ru�JfsRS^`RuX�RuO;Q � �[_aW1g \aX�MPO U O �aO;W1X�Q i O;Q�RsZPO;Q�tJQ�Q�Ru\�W � U \zZJe@^~ONb�e@fuX�Ru�JfsRS^`RuX�RuO;Q�\av�}�_ab bc_ U _ gzQ � L+MPO
i O`X�_cZPO;^`_ g \av5X�MPO3tJQ�Q�Ru\�W � U \�Z@e@^~X�Q+X g1�4RS^`_afSfugpO;b RuX	_c^`_aQ�^`_aZPO8\av�QVO �aO U _afk}�_ab bc_ U _ gzQ � �N\aX�_afSf
\av5X�MPO;QVO�� U \ i fuO;b QN_ U O3O;fSRsb RSW@_�XVO;Z i g XVO;b���\ U _af�WPO;ePX U \�WE� }�_ab b _ QVO`�J_ U _�X�Ru\�W  i ePX	X�MPO`g[^`_aW _�X
fuO;_aQVX i OIRSQ�\�fS_�XVO;Z _aW@Z X U O;_�XVO;Z[QVO`�J_ U _�XVO;fug �



���

F < ��� $�� j � � �

$ �P
 � � 0 � �9� G ��G � 02� � � � �P0 �@$ ��?A0 ?A� $ �P
 �

F ? j j � � � $ ��?A0

L+MPO(�Je U ��\�QVOc\avlX�M@RSQx^7M@_��@XVO U RSQ3XV\ i U RSZP}aO X�M@O(}�_�� i O`XN�9O`O;W X�M@O(O�D���O U RSb�O;W1Xx_aW@Z X�MPOpb _�X�M��
O;b _�X�RS^`_af/_aW@_afug�Q�RSQ � d�R U QVXIX�MPOc_afu}a\ U RuX�M@bEe@Q�O;Z i g X�MPO ��� r � X�RSb�O��h_aW@_afug �`O U �	RSfSf i O ZPO;Q�^ U R i O;Z
�NRuX�MpQ�Rsb��JfuO	O�D�_ab��4fuO;Q � L+MPO�b _�X�MPO;bc_�X�RS^`Q+WPO`O;ZPO;ZpXV\ U O`� U O;QVO;W1X X�MPOI^~\ U�U O;fS_�X�Ru\�W ZJ_�X�_��NRSfSfJX�MPO;W
i O]ZPO;Q�^ U R i O;Z �

L+M@O8RsWP�JePX	XV\ X�M@O���� r �[X�RSb O��h_aW@_afug �`O U O;fuO;^~X U \�W@RS^`QI^~\�b O;QIv U \�b X�MPO8\�ePXV�JePX�\av9_pZ@RsQ�^ U RSb��
RSW@_�XV\ U �_%^~\�W@QVX�_aW1X8v U _a^~X�RS\�W Z@RsQ�^ U RSb RsW@_�XV\ U � � d�|&� � d@\ U W@\�� 5_aQ�Q�eJb�OcX�M@_�X�X�MPOpZ@RSQ�^ U RSb RSW@_�XV\ U
Q�Ru}�WJ_afSQ�X�M@O�X�Rsb�O	\av _�Z@O`XVO;^~X�Ru\�WpO �aO;WYX\�	RuX�M(_ � XV\ � fS\a}�RS^NX U _aW@Q�RuX�Ru\�W � K X X�M@RsQ/��\�RSW1X zX�MPO�Q�Ru}�W@_af
RSQ�_ ^~\�W1X�RSWzeP\�e@Q	��_ U RS_ i fSO \av�X�RSb�O � LNMPO?��� r � X�RSb�O��h_aW@_afug �`O U X�MPO;W O 	�O;^~X�R��aO;fSg ^~\�W �aO U X�QcX�M@RSQ
^~\�W1X�RSW1e@\�e@Q�X�RSb�O8Q�Ru}�W@_af�RSW1XV\p_pZ@RsQ�^ U O`XVO�X�RSb�O � _ U Rs_ i fuO i g[_aQ�Q�Ru}�W@RSWP} RuX�XV\ _cX�RSb O i RSW \av �NRSZPX�M
���xRsW _ i fS\z^ ��\av	Z@_�X�_ �NRSX�M � X�RSb�O i RSW@Q � �9\aX�M ���x_aWJZ X�M@O i fu\z^ � Q�R �`O � _ U O _aZ,2VeJQVX�_ i fuO �
L/g1�JRs^`_afSfug �8X � � W@Q�_aW@Z � � = � � � L+MPO�fuO;WP}aX�M \av�_ i fu\�^ � RSQ�X�MPO;W = � � W@Q	\ U _(fsRuXVX�fuOx\��aO U _
M@_afuv9_ b RS^ U \�Q�O;^~\�W@Z ��� \�b��J_ U O�X�M@RSQ�X�RSb�O�XV\ X�M@O �8XI\av � � � = � QIv{\ U X�M@O�Xhgz�JRS^`_af�Q�MJRuv{XQ� U O`}�RSQVXVO U �
L+MPO U O3_ U O3t��aO3RSW@�JePXN^7M@_aW@WPO;fSQ	W1eJb i O U O;Z � X�M U \�e@}�M = � LNMPO]v e@W@Z@_ab�O;W1X�_afkZJ_�X�e@b \av ��� r �[RSQ
X�MPO X�Rsb�O i RSW \ U i RSW@QIRSW _ i fu\z^ �/�	M@RS^�M ^~\�W1X�_aRSW@Q3_ ZPO`XVO;^~X�Ru\�W �Ruv9_aWYg��RSW O;_a^7M�\av t��aO �4_ U _afSfuO;f
^�MJ_aW@WPO;fSQ � LNMPO i fu\�^ ��Q _ U O �J_ U _afSfuO;f RSW X�MPO QVO;WJQVO X�M@_�X�X�MPO`g _afSf i O`}�RSW _aWJZ O;W@Z _�X X�MPO%Q�_ab�O
X�RSb�O � L \[�Je@X]X�MPO;QVO(�J_ U _ab�O`XVO U Q�RSW ��O U Q���O;^~X�R �aO��_ X g1�4RS^`_af ����� �1� Ru\�W@R��;_�X�RS\�W�^�M@_ab i O U Q�\�e U ^~O
�NRSfsfk^~\�e@W1X ) � � � � tJQ�Q�RS\�W@QN��O U QVO;^~\�W@Z � L+M@_�XIb�O;_aW@Q�\�W _ �aO U _�}aO� \�WPO�RSW F �j= i fu\�^ ��Q>�NRSfSf QVO`O _
QV\�e U ^~O]tJQ�Q�RS\�W � L+MPO]ZPO`XVO;^~XV\ U ^~\�e@W1X U _�XVO;Q	_ U Oxb�e@^�M%fu\��9O U � K XN\�WPOxb O`XVO U v U \�b=Q�e@^7M _cQ�\�e U ^~O�
_ + �hRsW@^�M ZPO`XVO;^~XV\ U b Ru}�M1X U O`}�RSQ�XVO U �  �a�a� ^~\�e@W1X�Qx��O U Q�O;^~\�W@Z � L+MPO(ZPO`XVO;^~X�Ru\�W U _�XVO RsQIX�MPO;W fuO;Q�Q
X�M@_aW(\�WPO�RSW(_3X�MP\�e@Q�_aW@Z i fu\z^ �zQ � LNMPON� U \ i _ i RSfSRSXhg�X�M@_�X9_ i fu\�^ �cv U \�bCX�M@RSQ/ZPO`XVO;^~XV\ U �NRsfSf@^~\�W1X�_aRSW
XN�9\(eJW@^~\ U�U O;fS_�XVO;Z Z@O`XVO;^~X�Ru\�W@Q8� _aQ�Q�e@b RSW@} WP\ ZPO;_aZ�� X�RSb O��9RSQ+_ i \�ePX � � 
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K v{O��AQ�RSb��JfSO	O�DP_ab��JfuO;Q+\av�M@\�� ^~\ U�U O;fS_�X�Ru\�W@Q+_ U Ox^~\�b��JePXVO;ZI�NRSfSf�WP\�� i OIZPO;Q�^ U R i O;Z �NRSX�M _�t��aO
i RSW i fS\z^ � � d�Ru}�e U O � Q�M@\��NQ�^7M@_aW@WPO;fSQ �  � _aW@Z ) � K�fSQV\�Q�MP\��NW RSQ�� K�K  � KN� \� K�� _aW@Z � KN��� �
dP\ U X�MPO _aePXV\z^~\ U�U O;fS_�X�Ru\�W@Q �O �aO U g ZPO`XVO;^~X�Ru\�W RSQxX�_afSfSRuO;Z RSW i RsW �`O U \ � K�fSf��J_aR U QI\av	ZPO`XVO;^~X�Ru\�W@Q�RSW
_�Q�RsWP}�fuO i fu\�^ � \av�X�MPO[^7M@_aW@WPO;f+_ U O X�_afSfSRuO;Z RsW X�MPO i RsW ^~\ U�U O;QV��\�W@Z@RsWP} XV\�X�MPO X�RSb O Z@R�	�O U O;W@^~O

i O`XN�9O`O;W X�M@OcXN�9\ ZPO`XVO;^~X�Ru\�W@Q � LNMPOc^~\ U�U O;fs_�X�Ru\�WJ� K�� RsQxQ�MP\��NW �aO U X�Rs^`_afSfug i O;Q�RSZPO � KN��� XV\%Q�MP\��
MP\�� � KN��� RSQ U O;fS_�XVO;ZpXV\;� KN� _aW@ZI� K�� � �N\aX�Rs^~O�X�MJ_�X RsWcX�MPO�t U QVX9^`_aQ�O6� _ �  � K�� M@_aQ WP\8ZPO`XVO;^~X�Ru\�WJQ �
L+MPO U O`v{\ U O�X�MPO U O8_ U O8WP\ X U Ru�JfuO`X�Q�_aW@ZC� KN��� �	RSfSf6^~\�W1X�_aRSW _afSf �`O U \�Q � L+MPO�QVO;^~\�W@Z ^`_aQVOI� i �NQ�MP\��NQ
XN�9\�ZPO`XVO;^~X�Ru\�WJQ�RSW ^7M@_aW@WPO;f � _aW@Z \�WPO ZPO`XVO;^~X�RS\�W O;_a^�M RSW ^�MJ_aW@WPO;fSQ � _aW@Z ) � �	\aX�RS^~O X�M@_�X�RSW
� KN��� XN�9\ X U Ru�4fuO`X�Q	_ U O�X�_afSfSRuO;Z � K	fSf \av9X�MPO�ZP\�e i fuO;Q�_aW@Z X U RS�JfuO;Q�_ U O8X�_afSfSRuO;Z i fS\z^ � i g i fu\�^ � _aW@Z
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